The alien invasive vine Vincetoxicum rossicum (Kleopow) Barbar. is problematic in the Lower Great Lakes Basin of North America. The lack of effective control strategies exacerbates the need for a better understanding of the growth and reproductive potential of V. rossicum. Thus, a 2-year field experiment was performed in a field site in 2003 and 2004 that was densely colonized by V. rossicum. Mean height of V. rossicum stems was 20% and 45% greater in naturally shaded plots compared with plots receiving full sun in 2003 and 2004, respectively. During the 2-year study, the density of stems 10 cm or taller averaged 134 stemsÁm -2 , substantially greater than reported in previous field studies for this species. The high densities of stems and seedlings indicate that this field site may be near or at carrying capacity. Each stem produced, on average, 17 mature follicles with some stems producing as many as 100 follicles. Each follicle yielded an average of 15 seeds, each composed of an average of two viable embryos. A typical V. rossicum stand in this site produced as many as 54 000 seedlingsÁm -2 annually. More flowers (2400 flowersÁm -2 ), follicles (2250 folliclesÁm -2 ), and total seeds (32 000 seedsÁm -2 ) were produced in plots receiving intermediate light compared with plants in full sun (1650 flowersÁm -2 , 1600 folliclesÁm -2 , and 25 000 seedsÁm -2 ) or shaded (1600 flowersÁm -2 , 2000 folliclesÁm -2 , and 28 000 seedsÁm -2 ) plots. Seeds harvested from follicles in the low light plots were 41% more likely to be dormant than seeds collected from follicles in full sun plots. Seeds collected from plants in full sun plots had the lowest frequency (*36%) of single embryo seeds and the highest frequency (*64%) of multiple embryo seeds. These findings suggest that V. rossicum growth and reproductive output is influenced by light environment. While competitive strategies differ between the light environments, the decrease in viability and germination in shaded sites may not be large enough to affect population growth over multiple generations. The substantially greater growth and reproduction of V. rossicum reported in this study relative to previous research may explain the increasing abundance and range expansion of this species in many Lower Great Lakes regions of Ontario and New York State.
Introduction
Vincetoxicum rossicum (Kleopow) Barbar. [ = Cynanchum rossicum (Kleopow) Borhidi] -(pale swallow-wort or dog-strangling vine) is an introduced herbaceous perennial vine in the Asclepiadaceae. The first reported collection in North America of this native of the Ukraine and Southwestern Russia was made in 1889 in Toronto Junction, Ontario, Canada, and in the United States in Monroe and Nassau Counties of New York State in 1897 (Sheeley and Raynal 1996) . In Canada, this species is distributed throughout southwestern and eastern Ontario and southwestern Quebec (Sheeley 1992; Sheeley and Raynal 1996; Kartesz 1999; DiTommaso et al. 2005b) . Vincetoxicum rossicum is also well established in the northeastern region of the United States with its current distribution extending as far south and west as Missouri. Although V. rossicum is less widely distributed in North America than the closely related invasive congener Vincetoxicum nigrum (L.) Moench. (black swallow-wort or black dog-strangling vine), V. rossicum is thought to be the more aggressive of the two species (Sheeley and Raynal 1996) .
Reproduction in V. rossicum occurs primarily by windand animal-dispersed seeds. This species also reproduces vegetatively by tillering from root crowns (Sheeley 1992; Christensen 1998 ). Seeds of V. rossicum are polyembryonic, a condition in which multiple genetically identical embryos are produced within a single seed (Sheeley 1992; DiTommaso et al. 2005b ). While V. rossicum growth is prolific in welldrained calcareous soils, it is tolerant of a wide range of soil and environmental conditions (Sheeley 1992 ). This species is increasingly problematic in Christmas tree plantations as well as forest understories, old fields, and pastures (Christensen 1998; DiTommaso et al. 2005b ). Recent observations show it possibly becoming troublesome in no-tillage maize (Zea mays L.) and soybean (Glycine max L. Merr.) cropping systems (DiTommaso et al. 2005b) . Control efforts to date have been met with limited success. Mechanical control has been ineffective, and few herbicides have been approved for use.
To maximize resources, many weed species express phenotypic plasticity via changes in height, architecture, and resource allocation (Sugiyama and Bazzaz 1997; Agrawal 2001) . Many plants alter not only their height and biomass accumulation in response to light availability but also reproductive traits such as flowering and seed maturation timing, seed size, and seed dormancy (Willson and Price 1980; Sanchez et al. 1981; Cavers and Steel 1984; Brainard et al. 2005) . Not surprisingly, V. rossicum plants have shown large height variability in response to different light availabilities. For instance, in a study by Sheeley (1992) near Syracuse, New York, V. rossicum plants growing in full sun (2048.1 ± 90.5 mEÁm -2 Ás -1 ) had a mean height of 65.1 cm, while plants growing in a relatively shaded site (429.5 ± 139.7 mEÁm -2 Ás -1 ) had a mean height of 136.3 cm. Sheeley (1992) also noted that V. rossicum total stem densities (including seedlings) reached 2019 stemsÁm -2 in the full sun site and only 780 stemsÁm -2 in the shaded site. Similarly, Lawlor (2000) reported higher V. rossicum stem (>25 cm tall) densities (185 stemsÁm -2 ) in an open site near Watertown, New York, compared with a nearby shaded site (61 stemsÁm -2 ). In a shaded site, Sheeley (1992) found that V. rossicum plants produced an average of two follicles per plant, with each follicle containing seven viable seeds. Thus, the mean annual seed output at this site was estimated to be 1330 seedsÁm -2 . In contrast, in the open full sun site, Sheeley (1992) found plants produced a mean of eight follicles, each with 10 seeds, for an annual seed output of 2090 seedsÁm -2 . Seeds of V. rossicum collected from an old field site near Aurora, New York, in late August were more likely to germinate than seeds collected from an adjacent shaded forest understory site (DiTommaso et al. 2005a ). However, these site differences in seed germinability were not significant for seeds collected from the same sites in November. Germination levels of seeds collected by DiTommaso et al. (2005a) in their New York State sites ranged from 30% to 50%. Similarly, Sheeley (1992) reported a mean germination of 46% for V. rossicum seeds collected from a full sun site near Syracuse, New York, while Cappuccino et al. (2002) found on average that 44.5% of seeds collected from multiple sites near Ottawa, Ontario, germinated. While the occurrence of polyembryony in V. rossicum has not been directly linked to light availability in previous studies, the proportion of seeds producing more than one embryo or seedling has varied considerably between the studies. For example, 78% of seeds collected from a rights-of-way site receiving full sun near Syracuse, New York, were polyembryonic (Sheeley 1992) , whereas only 55% of seeds collected in multiple old-field sites near Ottawa, Ontario, were polyembryonic (Cappuccino et al. 2002) .
The growth and reproductive potential of V. rossicum in its introduced range has neither been determined for multiple growing seasons nor for large expanding populations. The main objective of this 2-year field study was to determine the growth and reproductive potential of V. rossicum plants in a densely infested location of northern New York State, where the growth of this species appears to be especially prolific. A second objective was to assess whether differences in light availability affected growth and reproduction in this species. We hypothesized that V. rossicum plants growing under the highest light levels exhibit greater growth and fecundity compared with plants growing under lower light levels.
Materials and methods

Field site characteristics
A 2-year fully replicated field study was established in May 2003 at Henderson Harbor, New York (43851'N, 76814'W) in a 5.7 ha old field dominated by V. rossicum for approximately 5 years prior to this study. The site was located on a Benson-Galoo complex occluding Galway silt loam. Soils at the site were characteristically shallow, ranging from 0 to 61 cm in depth with a mean pH of 6.7 and organic matter content of 14.5%. Associated herbaceous species at the site included Galium aparine L., Alliaria petiolata (Bieb.) Cavara and Grande, Echium vulgare L., Potentilla recta L., Solidago spp., and Carduus acanthoides L. Tree species within the old field and adjacent wooded areas included Juniperus virginiana L., Robinia pseudoacacia L., Fraxinus spp., and Ulmus americana L.
A total of 36 treatment plots (2.0 m Â 1.5 m), with a 0.5 m border around each plot, were established within four blocks at the field site. The four blocks were a minimum of 10 m apart and encompassed areas of the site that were exposed to full sun as well as partial to full shade as a result of the overstory tree canopy from an adjacent forested area. Thus, the different plots within a block experienced light availabilities ranging from full sun to full shade. A total of 12 plots each were established at the site in full sun, intermediate shade, and full shade environments. Leaf area index (LAI) was used as a measure of light availability in each of the 36 plots. The LAI of the overstory canopy in each plot was determined by photographing the overhead vegetation (if any) 1.5 m above ground level at noon on 1 June 2004 on an overcast day using a tripod-mounted Nikon D70 digital SLR camera (Nikon Corporation, Tokyo, Japan) equipped with a Sigma 8-mm F4 EX 3608 fisheye lens (Sigma Corporation of America, Ronkonkoma, New York). Digital images were analyzed for LAI using Gap Light Analyzer version 2.0 software (Simon Fraser University, British Columbia, Canada, and Institute of Ecosystem Studies, New York, USA). LAI values between the plots ranged from 0.001 to 0.560 m 2 Ám -2 . Plots were assigned to one of three light availability classes: high (<0.119 m 2 Ám -2 ), intermediate (0.120-0.299 m 2 Ám -2 ), and low (>0.300 m 2 Ám -2 ) based on natural breaks in the data obtained from the gap analyzer software, for a total of 12 plots per light availability class.
Data collection
Each of the 36 treatment plots were subdivided into three subplots: a 0.5 m Â 0.5 m area used for nondestructive plant data collection during both the 2003 and 2004 field seasons and two 0.25 m Â 0.5 m subplots used for destructive harvest in each of the 2 years. The total density of stems (>10 cm tall) in each undisturbed 0.5 m Â 0.5 m subplot was determined at 2-week intervals from 20 May to 2 September of each year. The height and number of flowers and of follicles of 10 randomly selected V. rossicum stems (>10 cm) in each subplot were also determined at 2-week intervals. Seedling densities of V. rossicum were determined monthly in two randomly placed 0.1 m Â 0.1 m quadrats in each 0.5 m Â 0.5 m subplot.
In August of each year, aboveground tissue of V. rossicum in one of the two 0.25 m Â 0.5 m subplots was harvested by cutting plant material at soil level. Harvested tissue was then separated into stems, leaves, and reproductive structures and dried at 65 8C for 7 d, then weighed to determine biomass.
On 2 September 2003 and 2004, mature but unopened follicles were randomly collected from all (including nontagged) plants in the 36 0.5 m Â 0.5 m permanent subplots. From each plot collection, a subsample of 100 follicles was weighed, and seeds from each follicle were counted and weighed. Preliminary tests indicated that stratification of seeds increased germination in this species, thus harvested seeds were stored dry, in a refrigerator at 4 8C for 6 months before initiating germination or viability tests. Before the germination experiment, seeds that lacked embryos (*29%) were discarded, since these can be visually distinguished from seeds having embryos (Cappuccino et al. 2002) . For germination testing, 25 randomly selected seeds from each of the 36 permanent subplots were placed in 9 cm diameter plastic Petri dishes having two layers of filter paper moistened with 5 mL of distilled water. Four replicates of seeds for each subplot were established and returned to the refrigerator at 4 8C. After 2 weeks, Petri dishes were placed in a growth chamber having a 14 h light : 10 h dark daily cycle and temperature cycle of 25 8C light : 17 8C dark. Seeds were monitored every 2 d for germination during a 3-week period. The number of radicles emerging per seed was also recorded during this period. Germination was determined to have occurred when at least 2 mm of the radicle had emerged. At the end of 3 weeks, germinated seeds were counted and discarded. The remaining seeds that did not germinate following the 3-week trial period were visually examined for the presence of an embryo. In 2003, preliminary screening for seed viability was carried out using 50 randomly selected seeds from each subplot. Seeds were stratified, and germination was monitored for 3 weeks following the methods described above. All seeds having embryos but not germinating during the 3-week trial period were then subjected to tetrazolium testing to determine their viability (Moore 1960) .
Statistical analyses
A PROC MIXED procedure in SAS (SAS Institute Inc. 2001) was used to test the effects of soil nutrient levels and light availability on V. rossicum stem density, height, aboveground biomass, seed mass, germination percentage, total number of seeds and seedlings, and frequency of polyembryony. The number of flowers and follicles per plant were analyzed using a negative binomial distribution using the PROC GENMOD procedure in SAS because of difficulties in normalizing data having a high frequency of ''zero'' values due to differences in timing of flower and follicle production in the different light environments. Flower and follicle densities on a per square metre basis were squareroot transformed and analyzed for effects of light availability and soil nutrient levels using PROC MIXED. Mean separations to determine the effect of different light availabilities on plant parameters measured was carried out using Tukey adjusted differences of least squared means at the 95% confidence level. All PROC MIXED procedures were also run by year to determine differences in V. rossicum parameters between the 2003 and 2004 field seasons. The PROC PRINCOMP procedure in SAS was used to create eigen values and eigen vectors for a principal components analysis. S-Plus (Insightful Corporation, Seattle, Washington) generated a 14 Â 36 correlation matrix of variables and samples to detect structure and relationships between the measured V. rossicum parameters.
Results
Climate and soil effects
Temperatures in 2003 were below average early in the growing season, but in July and August during late flowering and follicle development, mean temperatures exceeded the 30 years average by *0.5 8C (Table 1) . In 2004, mean temperatures from March to May were warmer by as much as 2 8C than in 2003 and the 30 years average, but generally cooler (*1 8C) and wetter conditions prevailed during June, July, and August. Precipitation also exceeded the 30-year average for both years in July and August (Table 1) . Soil nutrient concentrations were typical for this region (Ketterings et al. 2003) . Neither pH nor soil nutrient concentrations within treatment plots had a significant effect (P > 0.05) on V. rossicum growth and reproductive parameters measured (data not shown). Similarly, no relationships were detected between V. rossicum tissue nutrient concentrations and growth and reproductive parameters measured (data not shown).
Stem densities and biomass accumulation
In both years, the maximum height of V. rossicum plants was achieved in late June or early July (Fig. 1A) . However, there were no significant differences in the mean height (*116 cm) of plants at the end of the 2003 and 2004 growing seasons (Fig. 1A) . Stem densities fluctuated significantly (P < 0.0001) from 126 stemsÁm -2 in late August 2003 to 142 stemsÁm -2 at the end of August 2004 (Fig. 1D) . Although most notable in 2004, stem densities declined in both years at the end of the growing season following follicle maturation and seed dispersal. Linear regression showed that allocation of biomass to vegetative or reproductive structures was not related to stem density (R 2 = 0.03, P = 0.1649). Reproductive (flowers and follicle) biomass was significantly greater in 2004 relative to 2003 (P = 0.0051) ( Table 2) . Vegetative (leaves and stems) and total aboveground biomass did not differ between years (Table 2) . Mean seedling densities were significantly greater in 2003 (2070 seedlingsÁm -2 ) than in 2004 (1440 seedlingsÁm -2 ) (Fig. 1E) . In 2003, densities peaked at 4800 seedlingsÁm -2 by mid-June before quickly leveling off by late June. This drastic peak in seedling density was not observed in 2004. Seedling densities fluctuated in both years but appeared to level off at a density of *1800 seedlingsÁm -2 in 2004. Seedling density was inversely related to stem densities in both years (2003; r = -0.31, 2004 ; r = -0.45).
Reproduction
Only 7.5% of the 360 tagged stems failed to produce mature follicles by the end of either growing season. The mean number of flowers produced per stem during the 15 June 2003 sample date (*2) was significantly lower (P < 0.0001) than the mean number of flowers (*18) produced 1 year later (Fig. 1B) . Flower production peaked (*11 flowers per plant) 2 weeks later (28 June) in 2003 relative to 2004. The total number of immature and mature follicles produced per stem leveled off in late July and early August in 2003, remaining constant through early September. In 2004, follicle production leveled off in mid-June and remained high through early September (Fig. 1C) . The mean number of seeds produced per follicle (*15) in 2003 was significantly higher than the number of seeds produced per follicle in 2004 (*14) (n = 1800, P = 0.0206) (Table2). The predicted number of seeds (*28 000 seedsÁm -2 ) was the same for 2003 and 2004, while the predicted number of seedlings was higher in 2003 (*50 000 seedlingsÁm -2 ) than in 2004 (*47 000 seedlingsÁm -2 ), although differences were not significantly different (P = 0.3236) ( Table 2 ). The mass of follicles was significantly greater in 2004 than in 2003 (P = 0.003). However, mean seed mass (*5.1 mg) was not significantly different between the two years.
Effect of light availability on growth and reproduction
Light availability had a significant effect on many V. rossicum growth and reproductive parameters and mostly varied by year. For instance, plants experiencing the lowest light levels due to tree canopy shading were significantly taller (20% and 45% in 2003 and 2004, respectively) than plants experiencing the highest light levels (P = 0.009) ( Table 2 ). The light environment had no effect on the total number of seedlingsÁm -2 recorded in both years. The number of seedlings present was always highest in high light plots and lowest in shaded plots (Table 3) . Differences in light availability did not have a significant effect on V. rossicum stem densities (P = 0.2264), but a significant light availability by year interaction was observed. Plants in full sun plots had the greatest stem densities in 2004 for the earliest sampling dates (22 May and 4 June); however, no differences were observed in these plots in 2003. Light availability did not affect total (P = 0.2169) or vegetative biomass (P = 0.3589), but in 2004, reproductive biomass was 78% and 21% greater for plants growing in intermediate light avail- ability plots compared with plants growing in the low and high light plots, respectively (Table 3) .
The number of flowers produced both per plant and per square metre were significantly higher (62%) in the intermediate light availability plots compared with the low light plots in 2003 (P = 0.0324). Although the trend was similar in 2004, differences between the two light conditions were not significant (P = 0.3317). The total number of follicles produced per square metre in 2004 was also significantly greater in the intermediate light plots compared with plants growing in full sun (+38%) and shade (+13%) plots (Table 2) . Light availability did not significantly affect the potential number of seeds or seedlings produced per square metre (P = 0.9704 and P = 0.6163, respectively) ( Table 2) ; however, the total number of seeds per square metre was *27% greater in intermediate light plots than in full sun plots, where plants produced even fewer (*13%) seeds per square metre than plants grown in shaded plots. In both years, light availability had no effect on the mean number of seeds produced per follicle or the mean mass of follicles and seeds (Table 2) .
Germinability, viability, and polyembryony of seeds
Of all V. rossicum seeds collected in 2003 and 2004, 63% were viable and 37% were nonviable. There was no significant difference between the proportion of viable seeds between years. Most seeds were nonviable because they lacked an embryo (Table 4 ). There were no significant differences in the percentage of viable seeds that germinated (75% in 2003; 70% in 2004) between the two years.
Light availability had a significant effect on the proportion of seeds that were dormant (P = 0.0385) or lacked an embryo (P = 0.0146). Seeds produced under relatively lower light availabilities were 41% more likely to be dormant and 31% more likely to have nonviable seeds lacking embryos than seeds collected from plants growing under the highest light availabilities (Table 4) . Seeds collected in the low light plots in 2004 had significantly lower (28%) germination relative to seeds collected from the high and intermediate light environments (Fig. 2) .
Seeds having one or two radicles per seed were most common (Fig. 3) , although as many as eight radicles emerging from a single seed were observed (data not shown). While there was no significant effect of light availability on the mean number of embryos produced per seed in 2003 (P = 0.7901), there was a difference in 2004 (P = 0.0009) ( Table 3 ). In 2004, seeds collected from parent plants under the highest light availability produced more embryos than seeds collected from the two lower light environments. There was also a significant effect of light availability on the number of seeds producing one embryo (P = 0.0279) and two embryos (P = 0.0396). Seeds from the highest light environment plots produced the lowest proportion of single embryo seeds but the highest proportion of two embryo seeds, although these differences were greater in 2004 than in 2003 (Fig. 2) .
Discussion
Growth responses to light availability
In our study, the morphological response of V. rossicum . Values are means of n = 120 for plant-related attributes and n = 1200 for follicle mass-and seed-related attributes.
plants to varying light availabilities was consistent with responses reported for most plants (Morgan and Smith 1976; Stoller and Myers 1989 A significantly greater number of V. rossicum stems (105.7 stemsÁm -2 ) produced mature follicles at the Henderson Harbor, New York, site than in a full sun (21.8 stemsÁm -2 ) and shaded (80.7 stemsÁm -2 ) site near Syracuse, New York, reported by Sheeley (1992) . At the Henderson Harbor site, approximately 90% of all plants taller than 25 cm produced at least one follicle in 2003, regardless of which light availability plot they grew in. In 2004, 90% of all plants receiving low or intermediate light produced follicles, and 95% of all plants in plots receiving full sun produced follicles. Moreover, V. rossicum plants at the Henderson Harbor site produced 7.5 times more follicles per stem and 3 times more seeds per follicle than plants sampled by Sheeley (1992) . In the full sun Syracuse, New York site, V. rossicum plants produced, on average, 8 follicles per stem and 2 follicles per stem in the shaded site (Sheeley 1992) . In our study, stems in the intermediate light plots produced the most follicles per stem (*20) compared with high light (*15) and shade (*17) plots. Follicles sampled by Sheeley (1992) collected from plants in full sun (10 vs. 15) and under shade (7 vs. 15) contained substantially fewer seeds than follicles collected under similar light environments at Henderson Harbor, New York. Therefore, seed output at our site could be as high as 32 022 seedsÁm -2 , but when the frequencies of polyembryonic seeds are considered, total embryo production may reach 54 000 embryosÁm -2 in a single growing season. These embryo quantities are substantially greater than the 4680 and 2090 embryosÁm -2 reported by Sheeley (1992) for a V. rossicum population in a full sun and a shaded site, respectively, near Syracuse, New York. These data as well as high stem and seedling densities observed during our 2-year study suggest that growth, reproductive output, and invasive potential of V. rossicum in New York State may have been seriously underestimated in previous research performed during only a single growing season and in possibly less favorable sites than those used in our study. The high stem and seedling densities recorded at Henderson Harbor, New York, indicate that this site may be at or near carrying capacity, at least in the densely infested areas sampled within the field. Fluctuations in stem densities may also, in part, be explained by experimenter disturbance of sample plots during data collection, since V. rossicum stems are fairly brittle and very susceptible to breakage.
The reason for the large decrease in seedling densities recorded between June and early July 2003 is not clear, since we did not follow the fate of individual seedlings, but one likely cause may have been density-dependent mortality, especially at such high initial densities (4800 seedlingsÁm -2 ) (Harper 1977) . Although coma-bearing seeds of this species can be dispersed by wind at great distances from the parent plant, most seeds fall within a few metres of the parent plant, resulting in intense intraspecific competitive interactions between emerging seedlings (Cappuccino et al. 2002; Ladd and Cappuccino 2005) .
Reproductive potential and light availability
Plants in full sun plots produced more seeds per follicle and a significantly greater number of embryos per seed (polyembryony) than seeds from shaded plots. Also, seeds collected from plants in full sun plots were more likely to be viable, and to germinate than seeds harvested from plants grown in the lower light plots. While there may not have been significant differences in stem density or aboveground biomass between plants grown in the different light environ- ments, plants grown in higher light environments typically invest fewer resources into light-capturing structures (e.g., stems, leaves) and often reallocate a greater proportion of resources into reproductive structures such as flowers and seeds (Agrawal 2001) . Total seed numbers may be higher in the intermediate and low light plots; however, plants from plots receiving the highest light produced *1700 more viable seed than plants in low light plots. The higher number of V. rossicum seedlings found in the high and intermediate light availability plots compared with the low light plots was likely the result of several reproductive-related parameters enhanced by increased light availability including greater seed viability, increased frequency of polyembryonic seeds, and higher seed germination levels. Polyembryony may be an adaptive response to shortages in pollen despite the fact that this species can produce seeds by selfing (St. Denis and Cappuccino 2004) . Another possibility is that polyembryony may be a mechanism by which V. rossicum increases the likelihood of high-density patches, which can increase fitness in this species by an Allee effect (Cappuccino 2004 ). Ladd and Cappuccino (2005) showed that while a higher proportion of polyembryonic seedlings died over a 3-year period in an old field site near Ottawa, Ontario, the probability of at least one seedling remaining from a polyembryonic seed was significantly greater than the probability of survival for single embryo seeds. The increased dormancy of seeds produced in the low light plots relative to high light plots in this study may be a form of adaptive shade avoidance, because germination under these competitive conditions may reduce the probability of seedling survival (Brainard et al. 2005) .
Seed characteristics and light availability
In this study, we did not find a relationship between light availability and size of V. rossicum seeds. These results contrast with those of Willson and Price (1980) showing that shade in the closely related species Asclepias syriaca L. reduced seed size by 44% relative to seeds produced by nonshaded plants. It was expected that larger seed size would have been particularly advantageous in low light habitats such as forest understories, because it increases the ability of seedlings to capture light and nutrients (Kidson and Westoby 2000) . Alternatively, the production of larger seeds by V. rossicum in high shade environments may be maladaptive, since heavier seeds cannot disperse as far (Cappuccino et al. 2002) thus limiting their ability to reach and colonize more open environments such as forest edges and old fields, where growth and reproduction of this species is generally enhanced.
The ability of V. rossicum plants in this study to produce a significant number of polyembryonic seeds, especially in high light environments, and the high proportion of seedlings in this species to survive to reproductive stage, particularly when compared with other herbaceous plants (Turnbull et al. 2000; Ladd and Cappuccino 2005) , are likely critical attributes contributing to the rapid population expansion and invasiveness of this introduced vine in North America. This species is likely seed limited in its introduced range, since the production of more seeds is likely to result in a greater number of seeds reaching (largely via wind dispersal) new sites to colonize, thus increasing population size and expanding its range.
Although V. rossicum growth and reproduction was generally favoured under high and intermediate light conditions, plants growing in shaded conditions were nonetheless capable of producing large quantities of seeds (28 000 seedsÁm -2 ) and embryos (*46 000 embryosÁm -2 ). While plants in full sun produced the lowest number of seeds, the higher occurrence of polyembryony in full sun plants resulted in the production of a greater number of potential seedlings than for more shaded plots. Therefore, this species has the ability to behave much like a shade-tolerant forest understory herbaceous species, maximizing resource capture and taking advantage of gap openings in the canopy to increase growth, but favoring habitats exposed to partial or full sun (Bierzychudek 1982) . Leicht and Silander (2006) recently demonstrated that the exotic invasive liana Celastrus orbiculatus Thunb. (oriental bittersweet) has been a successful invader in the Northeastern United States, in part because of its ability not only to colonize and grow well in high light environments such as forest edges and open fields, but also in low light environments of forest understories.
Site characteristics
It is unclear what specific abiotic (e.g., site characteristics, climate) and (or) biotic (e.g., competition, genetic variability of population) factors present at the Henderson Harbor, New York, site may have resulted in a more vigorous and aggressive V. rossicum population than reported previously for populations in other New York State sites. It is possible that the very shallow soils at this site (0-30 cm) may be less favorable to the establishment and growth of many other plant species or that those plant species capable of establishing under such difficult growing conditions are not as competitive as V. rossicum. Ecophysiological differences in water potential and other soil physical properties between sites may also have contributed to the disparity in results between studies, but this warrants further study. The large differences in growth and reproduction of V. rossicum populations studied in New York State and in Ontario to date could also be due to genetic differences between the populations sampled. Although V. rossicum is capable of selfpollination, it is primarily an outcrossing species, a feature that may increase genetic variability between populations (St. Denis and Cappuccino 2004) . Support for the view that genetically variable V. rossicum populations are likely present across its adventive range is provided by herbarium records, indicating that this species was likely introduced into different regions of Canada and the Northeastern United States separately (Sheeley 1992; DiTommaso et al. 2005b) .
Findings from this 2-year study suggest that growth, reproduction, and potential of V. rossicum to spread are substantially greater than has been previously reported in New York State. While in the vicinity of our Henderson Harbor, New York site, this species already occurs in extensive and dense monospecific stands, this aggressive introduced vine may nonetheless not have attained its maximum growth potential and distribution range in this region of North America.
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